leads to receptor clustering by the membrane-associated protein rapsyn.
organization of excitatory synapses on aspiny neurons at 56 kDa in rat brain ( Figure 1A ), similar to the size of recombinant Narp expressed in detergent extracts of from the spinal cord and hippocampus and on some spiny neurons from the dentate gyrus. Narp was origitransfected HEK 293T cells ( Figure 1F ). Narp protein was also detected as a similarly sized triplet in rat testes nally identified by a novel subtractive cloning strategy from stimulated hippocampus (Tsui et al., 1996) and is but not in other peripheral tissues. This restricted distribution of Narp protein parallels the Narp mRNA expresa member of the newly recognized subfamily of "long pentraxins" that includes neuronal pentraxin 1 and 2, sion previously reported (Tsui et al., 1996). The broadness of the Narp band in brain is consistent with the which are found in the brain (Schlimgen et al., 1995); TSG-14 (Lee et al., 1993), a tumor necrosis factorobservation that Narp is glycosylated (Tsui et al., 1996) . In nonreducing gels, Narp migrates as a multimer with inducible acute phase reactant; and apexin (Reid and Blobel, 1994), which is localized to the acrosome of a size Ͼ220 kDa ( Figure 1B) , consistent with the known ability of members of the pentraxin family to covalently mature sperm. These molecules are similar in structure in that they possess a C-terminal pentraxin domain and multimerize through disulfide bonds (Emsley et al., 1994; Gewurz et al., 1995; Bottazzi et al., 1997). Like Narp a ‫002ف‬ amino acid unique N terminus whose function up to this point is unknown (Goodman et al., 1996) . The mRNA expression, Narp protein levels are significantly increased in adult rat hippocampus following seizure pentraxin domain on Narp is similar to the mammalian proteins C-reactive protein (CRP) and serum amyloid induction. As shown in Figure 1B , maximal electroconvulsive shock (MECS) resulted in a robust increase in protein (SAP), as well as highly conserved homologs from species as distant as Limulus (Tsui et al., 1996) . Narp protein (8-to 12-fold at 12 hr; n ϭ 2) without a change in the level of the constitutively expressed proPentraxins are secreted proteins that self-multimerize to form pentamers and may further dimerize to form tein actin. The time course of Narp protein expression is typical for an IEG in that it is increased within 30 min decamers (Gewurz et al., 1995). A crystal structure of SAP showed that the pentraxin sugar-binding motif is of MECS but is unique among known neuronal IEGs in that it remains elevated for more than 24 hr. The proremarkably homologous in secondary and tertiary structure to the plant lectin concanavalin A (Emsley et al., longed increase is not associated with a prolonged increase in mRNA, since Narp mRNA returns to basal 1994), a feature that is conserved in Narp (Tsui et al., 1996). The physiological roles of pentraxins have relevels by 8 hr after MECS (Tsui et al., 1996), suggesting that the Narp protein may be relatively stable. Immunomained obscure, although CRP has been postulated to play a role in nonantibody-mediated immune responses histochemistry in rat hippocampus ( Figure 1C ) showed that Narp protein is expressed in the cell bodies of most by binding and aggregating bacteria and other pathogens (Siegel et al., 1974 (Siegel et al., , 1975 .
neurons throughout the hippocampus, including the dentate gyrus (black arrows) and CA1 region (white In cultured spinal and hippocampal neurons, we demonstrate that Narp is expressed by a subset of axons arrows), paralleling the distribution of Narp mRNA (Tsui et al., 1996) . Four hours after induction of either MECS and dendrites. With time, Narp becomes concentrated at excitatory synapses, predominantly on the dendritic or long-term potentiation (LTP) in vivo, Narp immunostaining showed a large increase throughout the dentate shafts of aspiny neurons, and is absent from excitatory synapses on most spiny neurons. Transfection studies gyrus, with little change in CA1 ( Figure 1D ). The hippocampal neuropil was lacking in intense Narp staining in cultured spinal neurons, along with electron microscopy (EM) from hippocampal neurons in vivo, indicate except in the hilus of the dentate gyrus ( Figure 1C , asterisk), the termination site of many of the mossy fibers. that Narp is present on both the pre-and postsynaptic surface. When overexpressed in cultured spinal neuOf note, hippocampal interneurons, defined by their location and lack of dendritic spines (Buckmaster and rons, Narp increases the number of excitatory but not inhibitory synapses. Moreover, Narp has the ability to Soltesz, 1996) , showed a clear dendritic staining pattern ( Figure 1E ) that was nearly as intense as that seen in recruit AMPA receptors into the large spontaneous aggregates it forms in heterologously transfected HEK the granule cell layer. In cultured cells ( Figure 1F ), the anti-Narp antibody 293T cells. Taken together, these results suggest that recognized a protein with a molecular mass of 54 kDa Narp may function to facilitate the formation of new in hippocampal neurons and 58 kDa in spinal neurons. excitatory synapses and to aggregate AMPA receptors Recognition of these proteins by the Narp antibody was at established synapses. Since Narp is an IEG regulated blocked by preincubation of the antibody with Narp fuby synaptic activity, its dynamic expression provides a sion protein. A second, minor protein at 140 kDa was novel mechanism for activity-dependent synaptogenealso seen in immunoblots of neuronal cultures; however, sis and synaptic plasticity.
this protein was not blocked by preabsorption of the antibody with antigen. In (A), 16 g of protein from each of the described adult rat tissues was loaded onto an SDS-PAGE gel in sample buffer and probed with rabbit anti-Narp at 0.5 g/ml. In (B), 20 g from hippocampi isolated from rats at the designated times following MECS was loaded in nonreducing sample buffer. Under these conditions, Narp migrated as a multimer. The lower band in each lane represents actin used as a control for protein loading. In (C) and (D), Narp immunohistochemistry from rat hippocampus is shown at baseline (C) and 4 hr after induction of LTP in vivo (D). Several hippocampal interneurons stained with Narp are shown in (E). In (F), 20 g of protein from hippocampal and spinal cord cultures, as well as 10 g of protein from Narp-transfected HEK 293T cells, were run on SDS-PAGE. Two additional lanes of cultured neurons were also reacted with rabbit anti-Narp after pretreating the antibody with Narp fusion protein to block any Narp-specific interactions. Note the nonspecific band at 140 kDa, which is not present in transfected cells or in surface preparations of cultured neurons (biotinylated).
The immunohistochemical distribution of Narp in culalmost no Narp localized to GluR1 clusters in either fixed or live preparations ( Figure 2D ), although bright Narp tures of postnatal rat hippocampal neurons was quite striking and paralleled and extended the results obimmunostaining was present in the cell body. A few (Ͻ5%), scattered spiny neurons did have detectable served in vivo. Aspiny neurons, which are composed predominantly of inhibitory interneurons (Craig et al., Narp immunostaining in their spines ( Figure 2E ). Clues as to the origin of these latter cells include their large 1994; Buckmaster and Soltesz, 1996) and make up about one-third of the neurons present in these cultures, disproximal spines and the fact that they were only seen when the oldest postnatal rats (P6-P7) were used as a played a somatodendritic staining pattern for Narp (Figure 2A) , with large superimposed clusters that showed source of cells. Both observations suggest an association with the dentate gyrus. Whether the distinct distribua tight colocalization with GluR1 (Figures 2A and 2B ) but not glutamic acid decarboxylase (GAD) ( Figure 2C) . tion of Narp in these subtypes of hippocampal neurons is the result of differential synthesis or subcellular transGreater than 90% of GluR1 clusters on aspiny neurons had associated Narp staining, while only 4 of 111 GADport is as yet unresolved. In addition to the synaptic localization of Narp, many positive synapses contained Narp. Since our previous and ongoing work has shown that dendritic GluR1 clushippocampal axons ( Figure 2F ), identified by Tau immunostaining, were positive for Narp at early time points ters are almost always synaptic (defined by synaptophysin immunostaining; Mammen et al., 1997; O'Brien et in culture (45 of 101 on day 7 in vitro). These axons are likely to be exclusively excitatory, as GAD-positive al., 1997), these results indicate that Narp is localized to excitatory synapses. The near complete colocalizaprocesses were uniformly Narp negative. Axonal staining was only seen in permeabilized preparations. Narp tion of Narp and GluR1 on these aspiny neurons was seen at both early ( Figure 2A ) and late ( Figure 2B ) time staining, both live and permeabilized, was blocked by preabsorption of the Narp antibody with antigen (Figure points in culture. Moreover, the colocalization of Narp with GluR1 was also seen when the anti-Narp antibody 2G), confirming its specificity. In cultured spinal neurons, which are almost all aspiny, was applied to live cultures (as shown in Figure 2B ), implying that this is a cell surface phenomenon. Strikclusters of Narp immunostaining were more widespread and were seen to colocalize with the AMPA receptor ingly, the vast majority of spiny, pyramidal neurons had subunit GluR1 in most cases. As shown in Figure 3A , 1997). Narp clustering at excitatory synapses was also observed when the Narp antibody was applied to fixed surface Narp immunostaining was seen to colocalize with synaptic GluR1 immunostaining but was not presand permeabilized preparations. Overall, 73% (529 of 720) of GluR1 clusters had associated Narp immunoent in synapses devoid of GluR1, which we have previously shown to be inhibitory synapses (O'Brien et al., staining, both in live and fixed preparations. In contrast, 4G ). In addition to the clusters of transfected Narp associated with GluR1, a slightly smaller number of Myc-Narp clusters were also seen that were not associated with GluR1 ( Figure 4B , arrowheads). It is our assumption that these are similar to the extrasynaptic Narp clusters seen in nontransfected cells (Figure 3 ). Whether these represent Narp in the process of migrating to excitatory synapses or a form of Narp available to interact with nascent excitatory terminals is yet to be determined. To exclude the possibility that the live staining Since only 1% to 3% of the neurons in a given experiment are transfected by our procedure, it was relatively easy to distinguish Myc-Narp that came from the postsurface Narp rarely colocalized with inhibitory synapses (12 of 218) identified by presynaptic GAD immunostainsynaptic cell (surface stain associated with the large proximal processes of an isolated transfected cell) from ing ( Figure 3B , left panel). As in hippocampal cultures, Narp immunostaining was also observed in a subset of Myc-Narp originating from the presynaptic cell (surface stain associated with a solitary thin process coursing Tau-immunopositive axons at early timepoints (67 of 158 on day 5; Figure 3B , right panel), although its appearover a nontransfected cell body or dendrite that is not in continuity with any visibly transfected cell). This operance was more clumped than that seen in hippocampal axons. Of note, surface staining with the Narp antibody ationally defined distinction between axon and dendrite was verified to be nearly 90% specific in pilot experiin early spinal cultures frequently revealed a few scattered, nonsynaptic, dendritic Narp clusters, which, in ments in which labeled processes were stained with anti-Tau antibodies to distinguish axons from dendrites. contrast to synaptic Narp clusters, were only variably associated with GluR1 ( Figure 3A , arrows).
As discussed above, 74% of excitatory synapses in transfected neurons had clear surface Myc-Narp stain, indicating that Narp is targeted to the synapse from the Transfected Narp Accumulates at Excitatory Synapses postsynaptic neuron. However, additional observations suggested that Narp was also targeted to the synapse To characterize the synaptic targeting of Narp in neurons, we transfected a C-terminal Myc-tagged version from the presynaptic terminal. Myc-Narp-positive processes similar to those seen in Figures receptor subunits GluR2 and GluR3 (GluR2/3; data not shown). Narp immunostaining was prominantly present in presynatic elements of the mossy fiber projection to the hilus and CA3. The distribution of the immunogold for the axon-specific protein Tau. Nearly all of the MycNarp-containing axons were immunonegative for GAD particles was consistent with both a presynaptic and postsynaptic accumulation of Narp in both spines and (92 of 93; Figures 5E-5H), suggesting that Myc-Narp, like endogenous Narp, is not transported down the axons of shafts, an observation again confirmed by colocalization with anti-GluR2/3. Moreover, many images appeared to GABAergic neurons. Thus, presynaptic Myc-Narp was largely restricted to axons of excitatory neurons. This show Narp over the synaptic cleft. The occurrence of Narp in spines of the dentate gyrus contrasts with results pattern of axonal staining is reminiscent of the endogenous Narp-positive axons seen in early spinal and hippoin vitro in which spiny Narp staining was uncommon. The likely explanation for this discrepancy lies in the campal cultures. When Myc-Narp-containing axons contacted a GluR1-positive, nontransfected neuron, postnatal development of the dentate gryus (Bayer and Altman, 1974), where most of the spiny Narp immunosuch as in Figure 5C , 37 of 48 such contacts were associated with at least one GluR1 cluster ( Figure 5D ). Clusters stain was seen. These cells would be underrepresented in cultures taken from perinatal animals. Alternatively, were invariably seen at sites where live Myc-Narp staining revealed extracellular Myc-Narp ( Figure 5B ; 54 Mycthere may be differences in spines in vivo, as opposed to those that form in culture. Narp clumps were associated with 51 GluR1 clusters). These observations indicate that the Myc-Narp transgene is derived from the presynaptic element. Coimmunoprecipitation experiments were used to examine whether Narp is physically associated with AMPA control (Table 1 ; p Ͻ 0.01). An increase in the number of synaptophysin clusters (synapses) per neuron was receptors in HEK 293T cells. Immunoprecipitation of Narp demonstrated that Narp was specifically associalso observed in Narp-transfected neurons. No change was noted in the number of GAD-positive terminals on ated with the GluR1, GluR2, and GluR3 subunits in cotransfected cells ( Figure 8A ). Interestingly, treatment of Narp-transfected neurons or in the size of the visualized neuritic field of Narp-transfected neurons. Interestingly, transfected cells with 1 M tunicamycin had no effect on the association between Narp and any of the AMPA we noted no increase in nonsynaptic GluR1 clusters.
Overexpression of Narp Increases the Number of Excitatory Synapses in Cultured
receptor subunits, implying that the lectin property of Narp (Tsui et al., 1996) does not mediate its interaction Narp Clusters the AMPA Receptor Subunits GluR1-GluR3 in Transfected with AMPA receptor subunits. To determine whether Narp is associated with AMPA receptors in vivo, coim-HEK 293T Cells The clustering of AMPA receptors is a major characterismunoprecipitation experiments were performed from rat brain. As in the HEK cells, Narp was found to be specifitic of excitatory synapse formation. To investigate the possible role of Narp in AMPA receptor clustering, we cally associated with GluR1 when either anti-Narp or anti-GluR1 antibodies were used to isolate the complex examined whether Narp could aggregate AMPA receptors, in much the same way rapsyn aggregates nicotinic ( Figure 8B ). The coimmunoprecipitation of Narp and GluR1 was blocked by preincubating the initial antibody acetylcholine receptors at the neuromuscular junction (Phillips et al., 1991; Ramarao and Cohen, 1998). As with its cognate peptide, and no immunoprecipitation was seen with preimmune serum. While these studies do shown in Figure 7A , when expressed alone, Narp (or Myc-tagged Narp) forms large surface aggregates that not prove that Narp and GluR1-GluR3 directly interact (although it is our hypothesis that they do), their associacan be seen in live or permeabilized preparations. These same surface clusters are also seen when an Fab fragtion in HEK 293T cells indicates that other neural-specific proteins are not required for these interactions to ment of the anti-Myc antibody is used on live preparations. Moreover, using a marker for transfected cells, occur. surface Narp staining was only seen in transfected cells and was not the result of nonspecific binding of secreted Narp Induces the Aggregation of AMPA Receptor Subunits in Apposing Cells protein to untransfected cells. In contrast to Narp, GluR1 is normally distributed diffusely either in live or fixed To evaluate whether Narp could mediate an intercellular aggregation of GluR1 similar to that expected at a synpreparations ( Figure 7B) . Coexpression of GluR1 with Narp induced GluR1 to form large surface aggregates apse, Myc-tagged Narp and GluR1 were expressed separately in HEK 293T cells and subsequently cocultured ( Figure 7C ) that colocalized with the Narp clusters. These Narp-GluR1 aggregates were seen either with together. Under these conditions, surface Narp clusters on one cell could induce large surface GluR1 aggregates surface staining using whole antibody or Fab fragments or in fixed and permeabilized preparations. In addition on another ( Figure 9A) . In a total of 109 contacts between a GluR1-expressing transfected cell and a Narp-expressto GluR1, Narp induced aggregates of GluR2 ( Figure 7D ) GluR2 clusters at a total of 58 cell-cell contacts involving axodendritic shaft synapses on aspiny spinal cord and hippocampal neurons in vitro. In addition, a small num-88 PICK1 clusters (Figures 10I and 10J) . Moreover, there was no evidence that contact with an untransfected HEK ber of spine-bearing neurons express Narp at their excitatory synapses in culture. In vivo, immunoEM confirms 293T cell or a HEK 293T cell transfected with a diffusely expressed construct (such as GluR2) could cluster Narp to be present at both pre-and postsynaptic sites of spiny and aspiny synapses. The prominent presynaptic GluR1 on the contacted dendrite. As a sign of specificity, Narp-transfected HEK 293T cells did not cluster the localization of Narp in mossy fiber terminals is associated with synaptic vesicles. We further demonstrate that NMDA receptor subunit NR1 or the neuronal glutamate transporter EAAC1 (Figures 10G and 10H) . In addition Narp is capable of clustering AMPA receptors and that this clustering activity involves a physical interaction to the typical overlapping clusters of Myc-Narp and GluR1 at contact points between neurons and HEK 293T (direct or indirect) with AMPA receptor subunits. Becells, clusters of Myc-Narp that appeared to have brocause Narp is dramatically upregulated in neurons in ken off from the processes of HEK 293T cells were also response to patterned synaptic activity and is expressed capable of clustering GluR1 (Figures 10A-10C, yellow at relatively high levels in developing and adult brain arrowheads). Although the number of these latter aggre-(Tsui et al., 1996), our studies suggest that Narp may gates was not formally tabulated, they appeared to be play a critical role in linking activity with the development at least as numerous as those still obviously in contact and plasticity of excitatory synapses. with the HEK 293T cell. We did not see an ingrowth of The predominant expression of Narp at axodendritic axons into the transfected HEK 293T cells, something shaft synapses in vitro infers highly specific cellular exthat might have been predicted from the overexpression pression and subcellular targeting. Narp appears to be experiments. The reasons for this discrepancy are not targeted to synapses from both the pre-and postsynapcertain, but it was our impression that axons avoided tic cell. Evidence for specific presynaptic localization is the HEK 293T cells (transfected or not).
provided both by EM and by the observation that Narp is expressed in a subset of axons in both native and Discussion transfected cells. Strong endogenous Narp staining is seen in axons in both hippocampal and spinal neurons. The fact that none of these axons show staining for GAD, In the present study, we show that the neuronal IEG Narp is selectively expressed at the majority of excitatory, a marker for GABAergic interneurons, which constitute of Narp is further enhanced when the apposing cell which are strongly induced by seizures. In vivo, the discoexpresses Narp with AMPA receptors, suggesting tribution of Narp by immunoEM appears to be more that a Narp-Narp interaction may also contribute to widespread among excitatory synapses than our data transcellular clustering. In this regard, Narp may potenin vitro would indicate, with spine as well as shaft accutially display similarities with cadherins, which self assomulation. Proposed explanations for these differences ciate and participate in synaptogenesis from both the have been offered but await further experimentation. pre-and postsynaptic surfaces (Fannon and Colman, The family of long pentraxins, of which Narp is a mem-1996; Uchida et al., 1996). Unlike the family of cadherins, ber, has several characteristics that might play a role in however, Narp appears to be completely extracellular, promoting excitatory synapse formation. Included among with no transmembrane domain (Tsui et al., 1996). Morethese are the ability to form side-to-side and head-toover, direct proof that Narp functions as an adhesion head multimeric aggregates (Emsley et al., 1994; Goodmolecule is lacking. The hypothesized function of Narp man et al., 1996; Bottazzi et al., 1997) and the ability to transynaptically aggregate AMPA receptors is unique to bind other proteins via a lectin-like domain. When but reconcilable when considering that synaptic disassayed by nonreducing SDS-PAGE, native Narp mitances in the CNS are small due to the lack of a wellgrates with an apparent size of Ͼ200 kDa, and this mobildefined basement membrane (Gordon-Weeks et al., ity shifts to ‫55ف‬ kDa with addition of reducing agent, 1992) and that Narp is likely to be secreted. EM localizaconsistent with the prediction that Narp forms cysteinetion shows Narp immunoreactivity over the synaptic linked multimers. These multimers, however, are far becleft and is consistent with this proposed function. low the size of the large macroaggregates seen on the We propose a model in which Narp-Narp interactions surface of transfected cells, a property unique to Narp between pre-and postsynaptic cells contribute to excitamong the family of pentraxins. It is possible that an atory synapse formation by a secondary clustering of additional domain in the unique N terminus mediates synaptic AMPA receptors due to Narp-AMPA receptor the formation of these macroaggregates. The ability of interactions. In support of a "presynaptic" effect of Narp, Narp to cluster AMPA receptors would not have been we note that Narp expressed on heterologous cells inpredicted from a knowledge of the family of pentraxins, duces AMPA receptor clusters on neurons. By contrast, since the association of Narp with AMPA receptor suba "postsynaptic" effect of Narp is suggested by the units in the presence of tunicamycin suggests that it is observation that when Narp expression is upregulated not the lectin component of Narp that mediates this by transfection, it results in a 2-fold increase in the numinteraction. Indeed, the specificity of the interaction ber of excitatory synapses, with no change in the number of inhibitory synapses. Since only a small percentage (GluR1-GluR3 but not GluR4, GluR6, or NR1) would also of cells is transfected in this experiment, the increase of Narp. Presynaptic secretion of Narp at active synin the number of excitatory synapses on transfected apses could target its action to specific synapses, where cells as compared with nontransfected cells in the same it could cluster, or perhaps stabilize, GluRs and thereby dish argues strongly for a postsynaptic action of Narp.
selectively strengthen active synapses. These moleThe synaptogenic effect of upregulated Narp expression cules provide new tools to study the mechanisms of in neurons would be a manifestation of the potentiating synapse-specific and protein synthesis-dependent neueffect of Narp on the transcellular cluster formation seen ronal plasticity. in heterologous cells when Narp is coexpressed with AMPA receptor subunits. It is also possible that excess
Experimental Procedures
Narp in the postsynaptic neuron promotes Narp-Narp mechanism that could mediate synapse-specific effects ultraviolet light. Thin sections were incubated in 0.1% sodium borolayered onto the cells for 2 hr. Cells were then rinsed with phosphatebuffered saline (PBS) and complete media and allowed to incubate hydride plus 50 mM glycine in Tris-buffered saline/0.1% Triton X-100 (TBST) followed by 10% normal goat serum (NGS) in TBST, primary for an additional 6 hr, at which time they were trypsinized and plated onto collagen-coated glass coverslips in 10% FCS for 24 hr at a antibody in 1% NGS/TBST, and 10 nm immunogold (Amersham) in 1% NGS/TBST plus 0.5% polyethylene glycol and, finally, stained density of 30,000 per 12-well dish. After 24 hr, the media were switched to 8% horse serum/2% FCS for an additional 24 to 48 hr. in uranyl acetate and lead citrate. Primary Narp antiserum was used at dilutions of 1:50 to 1:200. Gold is absent or rare in controls (abCoverslips were then processed for live or fixed staining with the rabbit or mouse anti-Myc antibody in combination with affinity-purisence of primary antibody). Additional controls included evidence of effective block of immunostaining using immunodepleted serum fied subunit-specific rabbit antisera. In some cases, HEK 293T cells transfected with different constructs were remixed after the 6 hr at 1:100 and similar synaptic localizations using a second polyclonal rabbit antiserum generated against a C-terminal peptide. The proposttransfection incubation. Live AMPA receptor staining in HEK 293T cells was performed using the previously described N-terminal files in Figure 6 were selected as representative from a total of 146 photographic images that were analyzed following a survey of over GluR1 (Mammen et al., 1997; final concentration, 1 g/ml) and N-terminal GluR2 (Vissavajjhala et al., 1996; final concentration, 3 g/ml) 10,000 m 2 each of CA1 stratum radiatum, CA3 stratum lucidum, and the molecular layers of the dentate gyrus and the dentate hilus. (10% acrylamide). Proteins were transferred to Immobilon-P (MilliFor evaluating the surface distribution of transfected Myc-labeled pore), immunoblotted using the above described anti-Narp antibodNarp in spinal neurons, live cultures transfected as above were ies at 0.5 g/ml, and visualized with enhanced chemiluminescence incubated with mouse anti-Myc in growth medium for 40 min and (ECL; Amersham). In experiments in which only surface proteins rinsed three times in minimal essential medium (MEM) prior to fixawere examined, cultures of spinal and hippocampal neurons were tion. Coverslips were then permeabilized and incubated with Cy3-surface biotinylated as described , and the labeled GluR1 (to identify GluR1 clusters), Marina Blue-labeled streptavidin-immunoprecipitable material was run in sample buffer. rabbit anti-Myc to identify the pool of intracellular Myc-Narp in For blocking experiments, anti-Narp antibodies at 5 g/ml were transfected neurons, and FITC anti-Mouse to visualize the surface incubated with 200 g/ml Narp protein for 2 hr at room temperature Myc-Narp stain. All images were obtained at 100ϫ. For experiments and then diluted 1:10 for immunoblotting. Tissue blots from adult involving GAD or Tau (which are mouse monoclonal antibodies), rat organs were prepared by homogenizing the various tissues in unlabeled rabbit anti-Myc was used in live cultures followed by FITC immunoprecipitation buffer (see below) with 1% Triton X-100. After anti-rabbit antibodies. (We found that the sensitivity and backdetermination of protein concentrations, the samples were disground of live staining was better with unlabeled primaries followed solved in 3ϫ sample buffer and run on an 8% acrylamide gel. by labeled secondaries.) Narp Expression In Vivo MECS was used to elicit a single, generalized seizure in adult HEK 293T Cell Transfections HEK 293T cells growing in 10% fetal calf serum (FCS) were transSprague-Dawley rats (200-300 g). A constant current signal generator (Ugo, Basile, Italy) delivered a pulse lasting 1 s (frequency, 100 fected with a combination of Myc-tagged Narp and either GluR1, GluR2, GluR3, GluR4, GluR6, NR1, NR1/2A, or EAAC1. All plasmids Hz; pulse width, .5 ms; current, 85 mA) and was connected to the rat by nontraumatic ear pads. To examine the effect of MECS on were in pRK5 and were transfected in 6-well dishes. Briefly, 4 g of total plasmid DNA (2.5 g of Narp and 1.5 g of any other plasNarp protein expression, rats were killed by guillotine decapitation, and the hippocampus was rapidly dissected and sonicated in 2% mid[s]) were added to 100 l of L-15 and 15 l of Superfect (Qiagen). After 20 min, this mixture was added to 0.9 ml of growth media and SDS. Samples (20 g per time point) were analyzed by SDS-PAGE
